New models have been constructed for three physical systems. These models are characterized by a uniform and transparent mathematical description. The mathematical description belongs to the class of generalized functions, which means that all equations as well as their solutions are understood in the sense of weak topology. The elements of the set of generalized functions need not be dierentiable (in the classical sense) at each point domain of the function. Analyzing of actual systems in the class of generalized functions does not require a division into subsystems, which simplies signicantly execution of all mathematical operations. As compared with the classical methods, those presented in the study allow for a much faster achievement of the goal.
Each of the subsystems is analyzed separately in the aspect of the determined goal, and concatenation of the solutions is executed subsequently.
Model two. This model was constructed by substituting the interval ⟨a, b⟩ with a one-point interval {a} and adding an appropriate force Q acting at the point a, and an appropriate couple of forces with the moment M . The force Q and the couple of forces M are selected in such a way that the reactions of the beam supports are not changed.
Model three. [7, 8] Model one. The model known from literature, in which the undamaged part of the cross-section at the crack is replaced with an appropriate spring [7] . found in literature [6] :
The equation is derived on the basis of an analysis of the natural vibrations of the beam with the step change of stiness in the area of the point x 0 . The decrease of stiness is modeled by
where H(a) is a Heaviside step function with step at point a, −1 < γ 1 ≤ 0. The loss of cross-section area is modeled by
where 
It is easy to check that [6] :
static equation of equilibrium
From Eq. (6) it follows that:
The distribution of forces for the model represented in Construction of Equivalent Models . . .
causes that
The distribution (9) ensures continuity of the bending line of the beam shown in Fig. 3 , while the distribution in the form (11):
where K is a certain constant, causes discontinuity of the bending line of the beam from 
or after double integration
Boundary value and geometric boundary conditions:
We shall derive the remaining constants from the equa-
obtained from the model in Fig. 3 with the use of the distribution (11).
Model Three
For Euler's beam with the step change of stiness (2) without a division into subsystems, the bending line of the axis of the beam will be determined. We will substitute the beam from the model shown in Fig. 2 with a uniform beam, and in the interval ⟨a, b⟩ we apply an appropriate sequence of force couples, which is shown in Fig. 4 . 
Models shown in Fig. 2 and Fig. 3 are equivalent for
The sequence of force couples {(M k ,M k+1 )}, k = 1, 2, . . . n in the model in Fig. 4 :
must satisfy the condition (18):
) .
The distribution of external forces and support reactions for the model in Fig. 4 has the form (19):
where
The distributions (19) and (20) are equivalent. It is easy to notice (Fig. 5) , that
We integrate the distribution (20) twice and obtain
Let us assume that From the notation of distribution (25) it issues that
The above reasoning indicates that the non-zero coordinate of the moment of a couple of forces at any point
It is the nal proof of the equivalence of the model (17) and the model (19).
Discrete-continuous system
This part quotes the results of the study [9] which indicate the uniqueness of the models represented in Fig. 1 and Fig. 7 . The following cases are considered:
(x, t) = X(x)T (t) this does not lead
to the goal since it is impossible to separate the variables We apply the principle of invariability eigenvalue problems for (1.), (2.) and (3.). For the case (3.) we assume that
where X(x) and A are the same as in the cases (1.) and (2.)
for the cases (1.), (2.) and (3.):
T + ω 2 T = 0 for α 0 = 0, h = 0,
while for x = x 0 functions S(t) and T (t) are determined by the system of Eqs. (31):
The model shown in Fig. 7 includes also the case represented in Fig. 8 , which is interesting both for theoretical 
Euler's beam with a transverse crack
This part discusses two models describing a crack perpendicular to the axis of Euler's beam. The crack at the point x 0 ∈ (0, l) causes a local decrease of the cross--section area at the point x 0 and a local decrease of bending stiness. The local decrease of the cross-section causes a local decrease of stress. The local increases of stress can also be explained with a local increase of the bending moment, which issues from the well-known for-
Model one
This model describes local decrease of the cross-section and stiness at the point x 0 . Fig. 9 . A beam with a local change of cross-section at the point x0.
The equation of the eigenfunctions of the system represented in Fig. 9 was derived from Eq. (1) and assumed the form (34):
x0 , j = 0, 1, 2 Dirac delta distribution and its derivatives.
Model two
This model, represented in Fig. 10 describes a local increase of the bending moment. 
The initial examination of (34) and (35) indicates that it is a decrease of the initial vibration rate in both cases, which coincides with the results described in literature [7, 8] . The precise derivation of the solutions of Eqs. (34) and (35) as well as demonstration of the equivalence of the models represented in Fig. 9 and Fig. 10 will be the subject of a separate study.
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Conclusion
The main goal of this work was investigation of these models that are simpler to describe. This models were constructed and mathematically described for three physical systems. The advantage of these models consists in the compact of the mathematical description. This form of the description can be used in the analysis of boundary problems and initial-boundary problems associated with continuous and discrete-continuous systems.
For the last physical system two models were constructed, which allow us for a much easier evaluation of changes in the rst vibration frequency caused by a crack. The goal of the study has been achieved.
